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ABSTRACT

This paper presents the results of a
study which was conducted to determine

whet her unit-oriented construction
drawi ngs, which are being devel oped and
used by shipbuilders who are using
modern  zone-oriented, or nodular, con-
struction techniques, will sati sfac-
torily substitute for systemoriented
detailed arrangement drawings in the
Navy's life cycle mintenance manage-
ment  process. The study concluded that
modul ar  construction dr awi ngs will
provide the necessary data in a nore
usabl e format, and thus are the
preferred approach for the Navy’'s use.
However . the study also identified
sever al additionally needed features
that are not now being provided in
unit-oriented draw ngs, but which must
be included in order to neet the needs

of planning and nai ntenance activities
during the operational life of a ship.
A number of other observations about
drawi ng use and mai nt enance are
provi ded.

NOMENCLATURE

on nomencl ature
is essential to communication, and be-
cause there seens to be no existing
"standard" of term nology that crosses
the boundaries of individual shipyards,
the follow ng descriptions are provided
to orient the reader to the term nol ogy
that will be used In this paper:

Because agreenent

“Zone-oriented” - This term i S
verv comonly used to refer to any ship
construction approach which varies from

the historically common systemoriented
approach which has been used in US
shipyards (except during wartime, when
efficient production becane the norm.

However , because the word *“zone" has
come to be used in various places to to
mean any part of a ship under con-
sideration, including systens, t hat
teemWill be used In this paper only in
lts- nost generic sense, i.e., to nean

non- systemori ent ed.
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"Modular. or Unit-oriented" - The
essenti al difference that has been
(re)introduced into shipbuilding prac-
tice is that the whole of any ship may
be broken down into a nunmber of basic
construction units, each of which can
be finished to as conplete a condition

as practicable, virtually independently
of the others. Then, the units can be
joined together to make up the whol e,

i.e., the ship. It is not uncommon for
several wunits to be joined together
into larger elenents, which wll be
call ed "Bl ocks" in this docunment,

before being joined together w th other

units or blocks at the final erection
site. In all other construction in-
dustries this practice is cal l ed
“modul ar construction". The term
"modul ar construction" seens to better
convey the basic approach used in this
t echni que, and therefore it, and re-
lated terms such as "unit-oriented" or
"bl ock-oriented", will be used
t hroughout this document to describe
the nore current approach to shipbuild-
ing .

| NTRODUCTI| ON

Backaground

As shipbuil ders have made the rel a-
tively sudden transition to the use of
group technology in ship construction,
they have found it desirable to mke
significant changes to the format and
content of wmany of the drawings used in
the construction process. These
changes have been initiated wth a
single purpose in nind - namely, to
present information needed by produc-
tion personnel in the format which
they, the imediate users of the draw
ings, find nost useful. One gui di ng
principle inherent in achieving this
purpose is to avoid providing inform-
tion that is not needed for doing the
task at hand.

Bef ore t he transition
modul ar construction techni ques,
were built by system the | argest

back to
shi ps
and



most extensive of which was the hull
structure. Construction of the hull
frequently was started as soon after
contract award as possible, based nore
on the desire to nmeet a nilestone for
anment purposes and/or the need to
eep the available structural construc-

tion personnel usefully enployed than
to ensure the nost cost-effective con-
struction scheduling. The installation
of distributive systens, such as
piping, ventilation "and wiring, also
was done by system But since the
devel opment of the drawings for dis-
tributive systenms was in part dependent
on data from structural drawings, the
distributive system drawi ngs could not
be finished until after the structural
drawings.  Thus, the structure was
started first, and the distributive
systens were installed after the hull
construction was well advanced. The
inefficiencies of this approach have

been wel | docunented el sewhere and will
not be repeated here.

The significant point to be nmde
is that those draw ngs whose purpose
was to provide assenbly and installa-
tion details in systemoriented shiF-
bui I di ng prograns were deliberately
constrained to show information about a
single system because the workers who
needed the information were working
only by system

Since the enphasis in nodular con-
struction is on the wrk content re-
lated to finishing a unit, the content
of the assenmbly and installation draw
ings nust relate to the unit. Most
units contain parts of many systens,
and seldom if ever, allwﬁarts of any
system Thus,  drawi ngs ich contain
information about how to assenble
install the parts that nake up a
do not provide any information
any parts of any systems which are
In" that wunit. In other words,
the ship builders do not need
oriente installation draw ngs, they
are not producing such draw ngs. Con-
sequently, s?/stemoriented drawi ngs are
not avallable to the owner unless re-
quired by specific contractual |an-
guage .

After ships are delivered to the
owner, a whole new set of drawing users
come into the picture. In the past,
these wusers have received detailed
drawi ngs of each system to use for
what ever functions they ﬁerform The
rocedures which they have devel oped
or dealing with all of the elenents of
the life-cycle maintenance managenent
process have been built, at least in
part, around those system drawings. So
the issue to be addressed is whether
these users will be hurt or helped by
having only the nmodul e-oriented draw
ings, which show how all the systems in
some part of the ship are configured,

and
uni t
about
not
since
system

as opposed to the systemoriented draw
i ngs, which show how one systemis con-

figured throughout the ship.

The initial reaction of nost In-
dividuals in the Navy who had not seen
any drawings produced from nodul ar
shipbui lding projects, as nmight be ex-
pected, was that the Navy must continue
to receive single system detailed draw-
i ngs. However, many comercial and
naval ships around the wor|d have been
bui 't b% foreign shipbuilders using
modern shipbuilding techniques and have
recei ved only the drawings which
naturally resulted from their  building
program =~ Because these shops have been
operated satisfactorily with only those
drawings, it was appropriate to study
whet her there were in fact, unique
quirenents of the US Ny ' s
cycle  managenent process that
demand detailed drawings of each In-
divi dual system

Scope of Project

In addressing the issues
above, the following basic
need to be answered relative
shi F’s drawi ngs provided by
bui | der:

present ed
questions

to the
the ship-

1. What do the Shipbuilder's draw
i ngs provide?

2. Vo are the Omner's Users?

3. \Vhat are the Oaner’'s Users’
needs?

4. Do the Shipbuilder's draw ngs
provi de what the Oaner’s Users

need?
5. If not, what changes are re-
qui red?
Before addressing the answers to these
questions, it is appropriate to con-
sider the planned and actual approach

to obtaining the answers.
St udv__appr oach

The initial plan was to select two
\tM\]/pes of ship for analysis, each of
Ich had two sinilar ship classes con-
structed recently, one class havin
been bui I t usi ng systemoriente
methods and the other "using nodul ar
construction techniques. The draw ngs
prepared for the systemoriented ships
and conparable drawi ngs for the modul ar
built ships would be presented to each
of the user activities involved with
that class of ship, for conparison and
coment

The ships originally
the study were the AO 177 class and the
TAO- 187 class of oilers, both built by
the same shipyard , but by different
construction techniques, and the FFG7
class, the early ships of which had
been  built usi n? system oriented
met hods, but the Tater ships of which

targeted for



repurteouly had benefited from applica-
tion of group technol ogy concepts.

The planned approach was to sel ect
one or nore Ship Alteration packages
being designed for the AO- 177 class b
its Planning Yard, Puget Sound Nava
Shi pyar d, and identify which ship-
builder drawings, and specifically what
data in those drawings, were used by
the PSNSY designers for each phase of
their effort. The next step would be
to identify and obtain the draw ngs
fromthe TAG 187 cl ass which woul d con-
tain the sanme type of data, and have
the PSNSY engineers indicate whether it

woul d have been easier or harder to
have had such drawings available for
their use.

The above steps were not able to

be inplemented as planned because of a

nunmber of factors. First, the TAO
drawi ngs were still in the process of
being devel oped when the study was in-
itiated. Thus , only a limted nunber
of drawings were available for com
pari son. The Ship Aterations being
worked on the A0 class were not par-
ticularly suitable to the analyses be-
cause a large nunber of the draw ngs
being used were not the original draw

ings of the shipbuilder, but were draw
ings prepared by the Planning Yard for
acconpl i shing prior system changes.

The choice of the FFG class had to
be discarded because the changes in
construction techniques were ac-
conpl i shed primarily by production
pl anning docummentation without makin
new drawings to suit nodul arization o
the process. A revised plan, to use
t he 51 nodul ar drawi ng5 for com
parison with the FFG system draw ngs in
the devel opment of FFG Ship Alteration
pl anning, could not be effected because
t he 51 construction draw ngs were
in the earliest stages of devel opnent
and their wultimate configuration was
still a matter of discussion at the
shi pbuilding vyard.

As a result. the approach which
was actually carried out involved dis-
cusfions wth personnel at various
naval activities, including Supervisors
of  Shipbuilding, Planni nP Yards and
ships force. using typical A0 draw ngs
and typical TAO draw ngs. of the per-
sonnel contacted, only those from PSNSY
actually made the effort to visit Sup-
Ships New Ol eans and Avondal e Shi pyard
to see first hand the products
has been being generated there and ac-
cepted by the Supervisor for several
years. e author has visited a nunber
of private and public shipyards to
I dentify the format and content of the
drawi ngs which they are now produci ng.

The findings and conclusions in
this paper represent the author’s reac-

ich
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tions to all of these discussions, gang
are not intended to inply any agreenent
or disagreement by or with any of the
ersonnel or activities with whom he
ad contact.

SHI PBUI LDERS DRAW NGS
The Stages of the Detail ed Design Phase

The Detailed Design Phase, which is
carried out by or for the shipbuilder,
consists of Several separate stages.
The drawings and other docunents which
are produced in each detailed design
stage are quite different because they

have different functions to perform
Reference (1) identifies four different
stages, as follows:

1. Basic_ Design Stage

2. Functional Design Stage

3. Transition Design Stage

4. Wrking Drawi ngs Stage
Stages 1. and 2. above are frequently

classified el sewhere as a single stage.

However, the above division recognizes
the difference between the ener al
space arrangement drawings an ke
structural drawings whic nmust bg
defined immediately after contract
award, (Basic Design Stag?, and the
system | evel drawings, produced durin
the Functional Design stage, for whic

the Basic Design Stage arrangement and

structural draw ngs are prerequisites.
The prirrar%/ i npact of nodular con-
struction on the content of drawings is

on the working drawi ngs produced during
stage 4, but all draw ngs have been im

pacted to some degree, as will be dis-
cussed in |ater paragraphs.
The Inpact on Drawings of Different

Types of System

The effect of modular construction
techniques on content and format of
drawings has not been the same for

drawi ngs of different types of systens.
For the purposes of this discussion, it
will be useful to categorize ship sys-
tenms as either Structural, Mechanical,
Piping or Eectrical. In this clas-
siftication scheme, Heating, Air Con-
ditioning and Ventilation Systens
(HVAC) are considered within Piping be-
cause of their functional simlarities.

Electrical System wring draw ngs
have been nodified the least, since
most of the wring installations are
accompl i shed after the erection of the
construction units into blocks or [Into
the hull, i.e., they are installed
"On- Bl ock™ or "On-Board". Vhere it is
found nore effective to install
electrical wring systems during the
unit outfitting stage, then the draw ng
information should be oriented to the
unit(s) involved. Wreway drawings,



for Instance, should be wunit-oriented
in order to allow installation of the
wireways at the nost appropriate point
In construction. Normally this will be
when the decks to which they will be
attached are in the upside-down posi-
tion. where all items which wll ul-
timtely be located on the overhead can
be installed wth the |east manpower
expendi ture.

Many Mechanical systems draw ngs
are unchanged for nodul ar construction,
because  the information which they
provide is normally nore installation
oriented even in_non-nodul ar construc-
tlon . i the equi pment can be included
in a machinery unit package, however,
then the information will be provided
in that installation draw ng package.

The remmining discussion of draw
ing content will relate primarily to
Structural and Piping Systems, because
they are the nost affected by nodul ar
construction techniques.

Basi c_Design_Stage Draw ngs

General . In the United States,
ship owners nornally provide prospec-
tive shipbuilders wth a nunber of
drawi ngs which, in addition to a set of
shipbuilding specifications, describe
the ship whic they want to  buy.
However, since the contractual require-
ments usually make the shipbuil der
responsible for delivering a ship which
nmeets specified technical and perfor-
mance requirenents, the shi pbuil der
must check and verify every elenent of
the design. Besides, it is often pos-
sible for the shipbuilder to nake
changes to design details which sig-
nificantly decrease the cost of
procurenent and/ or construction,
wi thout degrading the quality or the
erformance of the ultimate product.
hus, it is normal for the shipbuilder
or his design agent go through the en-
tire design devel opnent again, to
verify the adequacy of the design and
to devel oIp the details of fabrrication
and installation which are not con-
sidered in the early design Phases.

The drawing products of this
stage of design, then, are similar to
those provided by the ship owner, but
establish the baseline that the ship-
builder will follow in the remaining
detailed design effort.

These

Space Arrangenent Drawi ngs.

dr awi n%s provide a description of where
all the spaces in a ship are |ocated,
the purpose of each space , and the
location of all major equipnent within
each space. This classification in-
cludes the General Arrangenent plans,

the Inboard and Qutboard Profiles, and
the Conpartment and Access (C&A) draw
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ings. It also includes the Arrangenent
drawings for mmjor spaces such as
Machi nery Arrangenments, Pilot House Ar-
rangemen ts . G C Arrangenents. etc.
Such drawings identify the locations of
maj or structural el enents SUCh as
decks, structural and non-structural
bul kheads, and principal scantlings.
These drawings do not need to be
changed significantly in format or can-
tent for nodular shipbuil ding. In
eneral, they are not system oriented,
ut provide the background for many
other drawings and provide constraints
which affect the layout of individual
syst ens.

Key Structural Draw ngs. A nunber
of structural drawings, such as the
M dships Section Drawing and Shell Ex-
pansion, contain details of structural
scantlings which define the adequacy of
the structure to neet the |oads inposed
on the ship. These provide the basis
for other drawings, which provide a
description of ow the transitions of
structural details are to be acconp-
lished. Because all other systems nust
be devel oped around the ship's struc-
ture, these drawi ngs nust be defined
early in the detailed design effort.

Functional Design Stage Drawings

General . The draw ngs produced In
this stage are in some ways the nost
i nportant documents developed in the
entire design process, because they
must provide all of the information
which will ensure that each system can
and will carry out all of the systenis
requirenents, " including all interac-
tions wth other systens. As such,
they not only provide the shipbuilder
with all of the information which nust
be used in the further devel opment of
fabrication and installation instruc-
tions, but also provide the owner and
the regulatory bodies with sufficient
information for their approval of the
desi gn. As will be enphasized |ater,
they also provide the operators of the
ship with the information necessary to
understand the system s proper opera-
tion and to control the systems con-
figuration during the operating life of
the ship.

] Note - For nodular construc-
tion prograns, these are the only sys-
tem oriented drawings which are
devel oped. In that sense they take on

even nore inportance than they have had
in the past.

Experience has shown that schematic
representations of the system fre-
quently are the nost efficient ways of
}Rrovi ding the required information.
hus, such drawi ngs have generally be-
come known as 'Diagrams”. Very often,
the schematic representation of the
system i s shown superinmposed on a back-



ground that Identifies the

t hrough which the system passes.
is especially common with certain dis-
tributed systens, such as piping, for
which the routing of the system nust be
consi der ed, and for which elenents,

such as val ve | ocations, which are vi-
tal to the proper design and/or opera-
tion of the system nust be defined.

spaces
Thi s

Svstem Di agranms.  For
well as systemoriented construction,
one diagramis produced for each in-
di vi dual systemin the ship. For very
extensive systems such as the Firemain
system or the HVAC system there nmay be
many sheets in a system di agram In
practi ce, the term "diagram' is
primarily applied to piping or HVAC
system drawi ngs. However , this term
will be broadly applied herein to in-
clude certain structural and electri-
cal/ electronic draw ngs, whi ch, like
pi pi ng diagrans, serve to provide all
of the information necessary to ensure
that the subject systemw ||l adequately
acconplish every function for which the
system exists. El ectrical One-Line
dr awi ngs, for instance, al so provide
the basic design data that control the
overall system configuration and com
ponent sizing and do so in a schematic
format.

nmodul ar, as

In the structures area, draw
ings are devel oped for naJor areas of
the ship, such as decks, bul kheads and
franes, which nay considered the prin-
cipal systems of the ship's structure.
In general, these structural draw ngs
are not schematic, al though it has be-
come standard practice, in a nunber of
other countries wusing advanced ship-
bui I di ng techniques, to use sinplified
representations of actual structure and
thus to inprove the productivity of the
design process. For the purposes of
the follow ng discussion, t hese struc-
tural drawings will be considered under
the term "diagrani.

The information provided in

Diagrans reflects the results of the
cal cul ati ons which have been made to
determine required conponent sizing,

material requirements and perfornmance
requi rements. Data is provided in
gr aphi cal , tabular or textual form -
whi chever is the nost effective tech-
neque for presenting the information.

Sence the diagram provides all of
dat a necessary for

systens basic functional
including all

the
describing a
requirenents,
informati on necessary to
repl ace any conponent or piece of
equi pment in the system it follows
that a diagram is the only docunent
creeded by anyone who need5 to know how
the systemis or should be designed,

and what constraints nust be satisfied
when nodification of the system is
necessary
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Transition Design Phase Draw ngs

Ceneral . To fabricate system com
ponents and to install them properly
requires precise, dinensional draw ng
dat a. The schenmatic draw ngs prepared
in the Functional Design phase do not
provide that kind of information. The
“tool" that is wused to take the data
relating to individual systens fromthe
di agrans produced in the Functional
Design Stage, and to conmbine that data
into a form that allows dinmensioned
Wrking Drawings to be produced in
Stage 4, is the Conposite Draw ng.

Conposite Drawings.
drawi ngs al so are arrangenent
but

Conposite
dr awi ngs,
provide much nore explicit detail.

Their primary purpose is to locate,
wi th dinensional accuracy, every por-
tion of every systemthat exists in a
volune of the ship. Conposites have
been comonly used for systemoriented
shi pbui | di ng, but in such cases their
use usually has been linmted to certain
major, usually very congested, areas of
the ship, such as nachinery spaces,

living areas, etc.

They are intended to preclude

“interferences", the scourge of all
shi pbui | di ng prograns. In nost cases,
conposite drawings are too conplicated
to be wused by anyone other than the
people who prepare them Thus, al-
t hough t hey are essential to the
shipyard's design configuration control
process, t hey are not normal |y

deliverables to a custoner.

Concept ual |y, the content and
format of conposites are no different
for nmnodular-oriented progranms than for
systemoriented prograns. However, in
modul ar progranms they are used nore
wi del y, ext endi ng throughout virtually
every space in a ship. They are used
for defining systens' details to a much
finer level, for determning interfaces
between construction units and other
construction el ement s. They have,
therefore, become of even greater im
portance to the shipyard.

Wth the advent
programs with nultiple 2D
capability or full 3D power,
shi pyar ds with sufficient computer
capacity are devel oping conposites in
the conputer. There is a maJor ongoi ng
effort wthin the shipbuilding com
munity to expand this capability to In-

of conputer
drafting
over | ay

clude nore than just graphics. The
term "Product Mdel" is being used to
describe this total description of the
ship system including material iden-
tification, etc., as well as configura-
tion data.



Wor ki ng Drawi ng Desi gn Phase

General . Vor ki ng
produced prinarily for
production work force, to provide them
with two different types of informa-
tion. Both types of infornmation may
be included on a single drawing, but
frequently, as will be assumed in this
di scussi on, information relating to
assenbly and/ or installation is
provided on one drawing and fabrication
data is provided on another. Thus, the
first o these types of drawings wll
be identified In this docunent as As-
s_enblyé Drawi ngs, while the second type
will be designated as Fabrication Draw
i ngs.

drawings are
the shipyard s

Assenbly drawings are
before Fabrication Drawi ngs, because
the system configuration nust be estab-
lished before the system can be broken
up into the elements fromwhich it wll

devel oped

be built. Therefore, although Fabrica-
tion drawings are the first drawings to
be directly used in the entire con-

struction process, they are necessarily
the last to be produced in the entire
desi gn process.

The construction process also re-
quires the devel opnent of some type of
wor k instructions, usual 'y trade-
oriented, which describe the precise
work which is to be acconplished, how
it is to be done and which draw ng%s)
and other docunents are to be used for
direction or guidance. These work in-
structions are  devel oped normal |y
Wi thin the Production Depar t nent,
rather than by the En?i neering Depart-
ment . This study effort did not ad-
dress the content of work instructions,
but it is worthy of note that these
should be work site oriented for
modul ar construction.

Fabrication Draw ngs. Al t hough
the ship construction process Is
primarily an assenbly process, each
shipyard wll nanufacture as many of
the parts to be assenbled as they can
efficiently produce. The fabrication
drawi ngs provide the data needed by
shop personnel for nmanufacturing those
portions of a system which the yard
will build. Fabrication drawings are
sonetines produced by subassenbly, al-
though it is nore comon for fabrica-
tion drawings to be developed by unit,
with part nunbering systens used to
identify the work site where the part
will be installed.

Many  fabrication draw n?s
produced by shop personne

and, being considered shop
rather than draw ngs, have not
to the ship owner upon

have
been in the
past,

sket ches
been given

delivery.
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However. it is beconming more com
nmon; particularly since the use of com

puters for drafting, for these draw ngs
to be developed in the Engineering
Departnent and to be listed in the Ship
Drawi ng | ndex. AS such, they have
ended up as deliverables. Thus, the
Navy wll receive nmore fabrication
drawings as a result of shipbuilders

using modul ar construction techniques.

Assenbly Draw ngs.
provi de production personnel
of the information needed for
structural elements and for
equi pnent and other parts of
into the structure, includin the
di mensional ly accurate location of each
piece that is to be assenbled. Al though
the function of these drawings is the
sane for systemoriented and nodul ar
construction practices, the drawin
content is markedly different In eac
case. The differences will be dis-
cussed bel ow.

Svstem Oriented Working Draw ngs

During the working draw ng
systemoriented shipbuildi n?,
produced a separate detaile
drawing for each individual system on
the ship. Similarly, fabrication draw
ings provided data relati n%\bto only one
system on each draw ng. rk Instruc-
tions covered the installation of a
single system throughout the ship.

These draw ngs
with all

creating
installing
systens

hase of
esi gners
d assembly

Structural working draw ngs showed
t he exact dinmensions of each piece of
steel from which a deck or bul khead was
to be built and also showed how the
arts were to be welded together to
uild the "systent. Thus, one draw ng
could be used to determne how to cut
out and weld wup all the pieces which
made up one structural "systent of a

shi p. Decks were considered as struc-
tural systems in this approach, as were
Bul kheads, Frames, etc.

Pi pi ng configuration drawi ngs
showed the distances of the system' s
piping from major structure, such as
the deck overhead or a bul khead stiff-

ener , for exanple. One serious draw
back to these drawings was that they
did not show the ocation of other
piping systems. It was therefore
necessary to look at several draw ngs
to find the configuration details of
different piping systems, even if they
were, say, running parallel for many
feet. Separate piping fabrication
drawi ngs gave construction details for
each piece used In meking up a single
system throughout the ship.

For’ electrical systens, W r eway
routings were developed from the com
posites and shown deck by deck. The
W reways were then installed inside the
ship after spaces were all closed in.



Modul ar_ Wor ki ng__Dr awi ngs

Ceneral. A shipyard using nmodul ar
construction techniques cannot effec-
tively nmake use of the type of system
oriented assenbly and fabrication draw
ings described above. Instead, draw
ings nust relate to the wunits, sub-
units or blocks of units in which the
system el ements are to be installed.
Unfortunateli/, since at this point in
tim wvirtually every shipyard is
devel oping théir- own, individualized
set of drawing types, which they con-
si der wil best enhance their
producibility during. the nodular con-
struction process, . it is not possible
to generalize on the format and content
of 'the drawings being devel oped.
However , the ~ differences relate
primarily to the size of assembly which
Is addressed in the documentation and
to the nonmenclature wused to describe
the processes involved. Sone assenbly
drawi ngs address individual units, sone
address each sub-unit, while sonme ad-
dress bl ocks of several units.

A shipyard nay use each of these
in various conbinations for different
sKstem types, i.e., structural drawings
showing "fabrication and assenbly by
sub-unit, plus  structural draw ngs
showing assenbly of sub-units into
units “and fabrication details of any
structural elements which may be added
during that effort; piping assenmbly
drawi ngs showi ng several wunits in one
drawi ng, with™ separate fabrication
drawing packages for each unit showing
the pipe details for all the piping
svstems In that unit; and wreway as-
senbly drawings by block. of several ad-
Joining wunits.

Unit-oriented draw ngs. Unit-
oriented structural draw ngs define the
configuration of each of the structural
parts fromwhich a unit will be as-
sembl ed, provide all of the welding in-
formation, and all of the dinensional
details which nust be used bE/ the con-
struction workers to construct t he
unit. ldeally, these drawi ngs identify
every hole which nust be cut for any
' peng Or electrical system penetration
6.5 well as all structural cutouts, so
that these all can be acconplished
during the original fabrication of the
structure .

It is comon practice in many
yards to provide additional draw ngs
for each stage of subassenbly of each
unit. particularly If the subassenblies
al.e to be constructed at different
sites and assenmbl ed at another |ocation
or If there will be outfitting of the
sct.assenblies before they are joined
with other subassenblies.

_ Unit-oriented piping system
drawi ngs show all of the elenents of
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every piping system which are to be in-

stalled In one unit. Thus , each such
drawing is a nini-conposite of all the
PI Bl ng systemd in one wunit.  Part
abrication drawings provide, in one

drawing, information pertaining to all
parts of all of the systems to be in-
stalled in one unit.

~ Svstem Drawings bv Unit. At one
shipyard, for one program a separate
drawmng was produced for fabrication
and assenbly of the part5 of each
$| ping systém installed in each unit.
his was driven by someone’s perception
that it was necessary to nmmintain the
purity of the SWBS. nunber in the draw
Ing number. This approach represents
the worst of all worlds, inthat it
provides neither a conplete system
description nor a conplete unit
description, and therefore  doesn ' t
serve the real or perceived needs of
any user ! This extremely  non-
roductive approach is no |onger being
ol lowed and Is mentioned here only in
the hope that it will serve to ensure
that no shipbuilder wll ever again
follow it.

_ Block-oriented Drawings. Sone
shipyards have found it desirable to
show al | of the piping in several ad-
joining units 1n a single assenbly
drawing, even if the piping will be in-
stalled in each wunit at a different
place or tine. This has not resulted
In any confusion for production person-
nel during the assenmbly process, since
the personnel at a given work site are
provided with only the pieces which are
to be assembled at that work site, and
are given work instructions pertainin
only to the work to done at their wor
site. It has not been found necessary
in all cases to provide separate draw
ings for each work site.

Sub-unit-oriented Drawings. Be-
cause nost wunits are built up of
smal ler sub-units, and in many cases
sub-units are outfitted before being
joined with other sub-units into units,
It is very common for separate assenbly
drawings to be developed to describe
the work to be done on each sub-unit
and/or at each work site. At some
shipyards, these are produced in addi-
tion to the draw ngs which provide in-
formation at the unit or block |evel.

However, at |east one shipyard is
presently planning to prepare all draw
Ings by system }T{\;pe at the subassenbly
level, and to conbine all of the sheets
for all of the unit’'s subassenblies
into a single unit booklet. Al t hough
this would appear to provide all of the
information needed in the future for
any part of any systemof that unit. it
does so in such a fractionated way that
it wll be very inefficient for the
life-cycle process.



Machinery Unit Package Draw ngs

Most of the units into which a
ship is broken down for the application
of modul ar construction techniques are
primarily structural units, to which
portions of other systems are installed
during the construction of the wunit.
However, it is very cost-effective to
assenble several itens of equipnent
onto a conmon foundation in the shop
and then nmove all of this equiprent as
a conplete entity into its fina | oca-
tion onto a structural unit or on
boar d. This entity can include all of
the gages, tubing, and other instrunen-
tation necessary to operate or control
the equipment locally. It can be
throstatlcally tested in advance.
This approach has many been applied in
systemoriented construction in a very
limted way, & such as for preassenbled
piping. runs for congested spaces, but
I's being applied much nore broadly in
modul ar construction.

Separate draw nEs are produced for
these machinery package units. It is
common for these drawings to include
structural and system routing details
on separate sheets of the same nunbered

draw ng. Thus all informtion needed
to build or nodify the assembly of any
part of the equipnment in that package

Is available in that draw ng.

USERS AND THEI R NEEDS
| ntroduction

One elenent of the study effort
was to determine what information is
actually needed at each stage of the
post shipbuilding process, an obvious
prerequisite to a decision about the
adequacy of the builder’s products to
meet those needs. This involved,
first, identifying the users and then
assessing the information needs of each
of the users. In the US  Navy, as
well as in any other Cperator’s or-
gani zation, there is a defined struc-
ture for maintaining and operating the
shi ps. Since that of the USN is nore
conmpl ex than nost commercial operators,
this study has concentrated on the USN
structure. However, the findings are
applicable to any operator.

Users

Ship’s Force - The personnel who
operate and maintain a ship on a daily
basis are an inportant source of infor-
mation about the need for nodifications
to existing systeminstallations in or-
der to inprove the ship’s performance
or sinplify its maintenance. Since the
standardi zation of ships and systens
within classes is a high priority in
the USN because of crew training and
mai nt enance pl anning considerations,
system configuration changes are not
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i ntended to be acconplished by ships
force personnel wthout authorization.
However, if the ship’s force are able
to acconplish the changes within their
own resources, it is not unknown for
them to do so, wth or wthout the
know edge and consent of others outside
the ship who have responsibility for
configuration control.

Qperating Commander s/ NAUSEA Head-
guarters - These organizations ul-
timtely are responsible for approval
of proposed changes to ships_existing
systems and configurations. They fre-
quently initiate the process but nore
of ten approve further devel opnent  of
changes that are proposed by others.

Pl anni n% Yard - One  shipyard,
usually a public (US Naval) shipyard,
is assigned the responsibility for
mai ntaining configuration control of a
ship class. ‘This yard is also respon-
sible for developing any approved sys-
tem configuration changes to a Cass of

exi sting ships. The Planning Yard
responsibility always i ncl udes the
devel opnent of the drawings which are

to be used bK the Installing Activity,
l.e., that shipyard which is ultimtely
authorized to acconplish the
Mst often, the Planning Yard
the Installing Activity.

Supervisors of Shipbuilding - The
USN has established several offices in
different parts of the country, each of
which is responsible for the contract
admini stration of assigned shipbuilding
and/or overhaul programs. ~Their
responsibilities for shi pbui | di ng
programs include drawing review, ocC-
casionally drawi ng approval, oversight
of the procurement of material, as well
as quality assurance and financial
managenment ~ functions. Their respon-
sibilities for overhaul and repair work
include putting together packages of
prospective work, distribution of these
data for bidding purposes, selecting
the yard which will acconplish the
work, = and oversight of the work being
carried out by that yard.

~work.
is not

Installing Activitv - The shipyard,
either public or private, which Is as-
signed the task of making
changes to a ship's systens.

Users' Needs

specific

Ship's Force

Qperation. Operation of the
ship by the ship's force does not re-
3ui re use of the construction draw ngs
evel oped by a shipbuil der. However,
Equi pment drawi ngs, Technical Manuals
and ot her docunmentation which the ship-
bui | der obtains from the equi pment sup-
plier are of nore direct use to the

ship’s force. These docunments also are



used by the shi lEyard personnel when in-
stalling, checking out and operating
the ship's equipnment during construc-
tion, but they are not devel oped by the
shipyard. There is no change needed or
desired in the format or content of
this type of docunentation.

There are still other docu-
such as Damage Control docunen-
tation, Maintenance Requirenent docu-
ments, Ships Instruction Books, etc.,
whi ch may be devel oped by the shipyard,
but these are not used by the ship-
buil der for his own purposes during
construction, and thus are not being
addressed herein.

nents,

Mai nt enance. Mai nt enance of
a ship, on the other hand, may require
some of the shipbuilder's docunents, as
wel | as some of the other documentation
such as Equi pment Technical Manuals ad-
dressed above. Mai nt enance probl ens
are usual ly equi pment oriented, rather
than system oriented, and normally are
local in nature. Therefore the ship's
force relies nuch nore heavily on the
equi prent  oriented documentation than
on the shipbuilder's draw ngs. Since
nost of the problens which occur
during operation relate to equipment,
and since the cause of nost of themis

obvious, it is not surprising that dis-
cussions wth shipboard engineering
personnel revealed that mpst of them

never use the draw ngs which they carr
on board. They indicated that, wit
mnor exceptions, the only tine they
went to the drawing file was to satisfy

inspection requirenments or to provide
drawings to visitors to the ship, such
as to shipyard personnel who cone
aboard to do shipchecks for various
purposes.  The minor exceptions include
the need to use certain electrical
drawings when checking electrical

Probl ems and occasional use of diagrams
or famliarization purposes.

Despite the response de-
scribed above, it is nore reasonable to
believe that shipboard personnel ac-
tually do need to have copies of every
system diagram on board, since these
drawi ngs provide the only conplete and
conci se description of how the system
is supposed to be designed and of its
I ntended operational paraneters. These
drawi ngs al so contain the information
the ships forces need for ordering re-
placenent items. \Menever they need to
meke mnor nodifications to a system
they can use the same guidance (USN
Ship Specifications and Gener al
Specifications, ABS Rules, Coast GCuard
Regul ations, etc.) that was available
to the ship's designers.

It is also to be expected
that a Fabrication drawing would oc-
casionally be useful for manufacturin
a replacement item such as a length o
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pi pe, ventilation duct, etc. However,
since these types of itens usually can
be made by tenplating existing parts,
the availability of fabrication draw
ings is by no neans a necessity.

Since the ship's force have
the as-built ship as a full scale
nodel, it is hard to immgine a.nP/ need
which they might have for detailed ar-
rangement  drawings, except in the case
of major damage due to collision or
battle damage. However, even then, the
energency on-site repairs which would
be made by the ships force or by other

repair activities, woul d constitute
energency  repairs, for which the
detailed drawing information would be
very useful , but not essential.
Pl anni ng Yard

General. ~ Planning Yards have
the greatest functional need for the
shi pbui | der' s drawi ngs, since they nust
provide similar drawings to other
shipyards for nmking nodifications to
the ships' systens.

Planning. The Planning Yard's

efforts normally start with receipt of
a Ship Alteration Record (SAR), which
describes what changes are to be made
to a system and identifies what equip-
ment  will be provided by the authoriz-
ing activity, and with authorization to
devel op the draw ngs and
which will be needed by the Installing
Activity to acconplish the work. The
Planning Yard efforts require the
availability of sdystem diagrams of all
systems impacted in gan way,. for
eval uation of the inpact %n siTing of
equi pment or system conponents and for
ease in identifying system material re-
qui renents.

Shi pcheck.
using the Ship's Draw ng
guide for identifying
needed, gathers together
ship's Assembly drawngs which relate
to the systens involved in the Shipalt.
They take these docunents to the ship

other data

The vyard then,
I ndex as a
the draw ngs

all of the

and” use themto check whether the ac-
tual inStallatiOn i S as shown on those
drawi ngs. They also verify or deter-

I ( how the revised in-
stallation will be configured by either
marking up the as-built draw ngs or
devel opi ng sket ches onboard.

mne and docunent

_ Design Devel opment.  Fol | owi ng
the shipcheck, the Planning Yard per-
sonnel develop all of the drawi ngs that

will be required by the installing
shipyard for acconplishing the work in-
vol ved. This may involve preparation
of drawings which describe what parts
of an existing installed systemare to
be ripped out, using the assenbly draw
ing, as well as draw ngs which describe
the new installation. Ri pout draw ngs



can be made quickly and easily by trac-

ing existing assenbly drawings, in the
manual node. The nodifications will be
even easier to produce for draw ngs
whi ch exist in conputer files.

Fabrication draw ngs would provide nuch
useful information to Planning Yard
personnel if available.

Supervi sors of Shipbuilding

_ Shi pbui | di ng. Since tl
primary time frame of interest in this
study is the post-shlﬁbwldlng life
cycle of the ship, the Supervisors’
need for drawi ngs during shipbuilding
is noted only in passi rgjg Qobvi ousdy,
all drawings produced by the ship-
builder are needed by SupShips during
the buil ding phase.

the

Overhaul . In order to
properly carry out their respon-
sibilities for overhauls, the SupShips
organi zations would need only the draw
ings prepared by the Planning VYard if
there never were any question of their
accuracy. However |, despite the fact
that the Planning Yard is responsible
for the technical adequacy of the draw
ings, the Supervisor must have both the
System Diagrams and the Assenbly draw

ings of the as-built ship in order to
proEerIy and expeditiously respond to
technical questions which arise.

Installing Activitv

Installation. The installing
activity should need only the draw ngs
provided with the government’s contract
to do the work, thus it does not have
any . functional need for copies of the
original shipbuilder’s drawings In or-
der to acconplish the changes to the
systems’ configuration.

EVALUATI ON
| ntroduction

been determined in the

with the exception of
manual | y devel oped conposite draw ngs,
all of the different types of draw ngs
devel oped by shipbuilders during the
Detailed Design Phase are wuseful, in
varying degrees, to each of the USN or-
gani zati ons which have |ife-cycle min-
tenance responsibilities.

It has
foregoing that,

In the past there has been no need
for users to receive copies of the com
posite drawi ngs, which are used by the
shipyard for integrating all detailed
system arrangenents. However, wth the
advent of conputer drafting , it ul-
timately will be helpful for the Plan-
ning Yard to have the conputer tapes
with the conposite data.

Nevert hel ess,

it was found during
study that certain changes nust

t he be
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made to these drawings In order to nmke
them better able to serve the life-
cycle users' needs, even though there
has been no need for the shipbuilders
to significantly modify the content or
format of the system diagranms for their
own purposes in effectively converting
to modul ar construction techniques.

The working draw ngs
area of greatest concern or interest,
primarilv because their format and con-
tent have changed so greatly from those
with which users have experience, but
secondarily because there are not yet
any standardized techniques for provid-
ing the required data.

represent the

Each type of drawing will be dis-
cussed sepafately, after which a serles
of issues of general ar)r)licability to
each type of drawing w be addressed.

System Di agrans

General . All of the information
that has been provided by shipyards in
system diagrams for systemoriented
construction remai ns essential for
modul ar constructi on. However, what
has not been recognized, in general, is
that additional information nmust be
provided on the diagrams whenever all
working drawi ngs are developed to suit
modul ar construction, i-e., to address
units instead of systens. If It is
necessary to cal out these require-
ments in contract |anguage as part of
the shipbuilding specifications, then
it should be done.

Correlation with Wrking Draw ngs.

As has been covered in detail else-
where, working drawings for nmodular
construction seldom if ever, show a
conpl ete system in one draw ng. Myj or

systens will appear in mny separate
block, unit or sub-unit draw ngs, in-
stead of a single draw ng. In the
ast, Wwhen it was necessary to go from

the system diagram to the working draw
ing which covered a part of the system
about which one needed additional in-
formation, there was only one draw ng
to find and |ook at. Even if the
diagram did not include the nunmber of
the corresponding working draw ng in
its reference list, the  working
drawing’s title would include the sys-
tem nane and its number would include
the sane SWBS nunber as the diagram
making it sinple to quickli(I | ocate the
correct number in ‘the Ship's Draw ng
Index (SDI). This is not possible
when, as in nodul ar construction, work-
ing drawings are not system oriented.

Duri ng the course of this
study, the author has not seen any sys-
tem di agram which has provided any
technique for leading one to the re-
lated working drawi ng(s?. The only
technique currently available for find-



ing the drawing which
details of interest

_ contains the
is to go through

the following steps:

a. Find a drawing which iden-
tifies the ship's unit breakdown.

b. Identify the unit nunber(5)
most  likely to include the volune of

the ship in which the pertinent part of
the system is |ocated.

. Search through the SD1 to find
the working drawi ng which has that unit
nunber in Its title or inits own draw
ing nunber. This assumes that the
wor ki ng draw ng nunberin? system or the
drawing title wll include the unit
nunber.” Oherwise, search through the
SDI to find some other clue to identify
the desired drawing, such as the com

partnent type.
This technique is obviously
very inefficient. O several possible

solutions to this as yet generally un-
recogni zed problem the sinplest would
be to provide a matrix table in the

diagram to correlate each area of the
system diagram to the nunber of the
working drawing which contains the

detailed information about that part of

the system [t would be very helpful,
but i'nexpensive, to show the |ocation
of”unit boundaries on the diagram as
vel | .

Correlation with Conpartmentation.
Once a ship is built, the easiest way
to describe the location of a piece of
equi pnent or of any part of a systemis
by use of the conpartment nunber in
ich it is to be found. Ther ef or e,
the conpartnment numbers shoul d be shown
on diagrams. The nost effective way to
do this will vary, depending on the ex-
tent of the system but in nost cases
it can easily be acconplished bK using
a schematic representation of the com
partmentation as a background for the
system routing shown on the diagram and
|'abel ing each conpartnent by nunber.
Labeling the conpartment by name woul d
even further enhance the ease with
whi ch the diagram can be used.

Assenbl y Drawi ngs

General . The major user of the
Assenbly drawings during the life cycle
of a ship is the Planning Yard.  Their
primary use of these drawings is to
verify, by shipcheck, that the data on
the drawings is accurate, so that the
designers can use that data wth con-
fidence when devel oPi ndg their new draw
ings, In the manual drawing node, the
original drawings sonetimes are used
for  tracing wunchanged portions of the
system

d Titling. As nmen-
tioned earlier, In order for the work-
ing drawings to be nost useful to
usgrs, they must be identified in such

Bunber img
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a that they can easily be related
to the portion of the ship to which
they apply. Thus, the system used for
the titling and numbering of workin
drawi ngs nust al |l ow easy recognition o

the unit, block or conpartnent(s) to
whi ch the drawi ng rel ates.

Mdular vs System Orientation. Be-
cause these drawngs are used by the
Planning Yard for shipchecking of the
exi sting layout of ships’ systems and

for planning how to modify the existi n%
layout to nost effectively acconplis
the purposes of proposed  system
changes, it is obvious that the unit-
or DBlock-oriented assermbly drawings,
which provide a conposite picture of
all the systems in a given volune of
the ship, wll be nuch nore useful to
the Planning Yard than the single sys-
tem drawi ngs which they have had to use
in the past. This will be true even
when it is necessary to look at the
whol e system which may involve |ooking
at several unit-oriented  draw ngs.
VWhen using systemoriented data, it is
always necessary to |ook at several
rawmngs, but even then the inter-
rel ationshi ps between systens are nuch
more difficult to discern.

Area
use to
drawi ngs

Cover age. To be of greatest
the Planning Yard, assenbly
should show data relating to
an area of the ship which has sone
functional significance, such as at
| east one level of a machinery space.
This will usually require that nore
than one unit be Included in the draw

ing .

at the other end of the
SEectrum are Assenbly draw ngs which
show only the data relating to the con-
struction and outfitting of each in-
dividual  sub-unit. \hile such draw ngs
may be considered ideal for the use of
the bmldmg yard, they will not
provi de enough data to be useful to the
Planning Yard. It will be necessary
for the Planning Yard engineer to
review tOp many drawings in order to
obtain the information concerning a
meani ngful vol ume of the ship.

Si nce sone

shi pyar ds have
t he

bl ock or unit level of
and are concentrating on
( only the sub-unit level for
their own wuse, it is possible that
shipbuilding contract |anguage will
have to address this issue. The two
aspects to be considered are:

a) whether the shipyard
enerate these block or
rawings (in addition to at
sub-unit level drawings) for their own
productivity , and

h) whether the users need this
level” of drawing to nost effectively
carry out their responsibilities.

bypassed
drawi ng
produci ng

needs to
unit |evel
| east sone



Since it has been evaluated
in this study that the answer about the
betond aspect is ‘"yes" , the first
aspect must be addressed. At this tine
is in only possible to state that at
least. one of the yards which converted
conpletely to nmodular construction
techniques has found the block/unit
level of drawing to be sufficient for
all work but structural work.

Specifically, in the building
of the TAO program ~ nost pi gi ng as-
senbly drawmngs covered a | ock of
several units and were used directly at
each construction site by the shi %yard
production workers. Fabrication draw
Ings for piping, on the other hand,
were devel oped unit by wunit. Struc-
tural draw ngs, cont ai ni ng bot h
fabrication and assenbly data were
devel oped by unit and then wused by
mol d-1oft personnel to develop addi-
tional drawi ngs at the sub-unit [evel.
The sub-unit Tevel structural draw ngs
wer e the primary drawi ngs used by
production personnel during the con-
struction process, but the unit-Ievel
drawi ngs produced by the engineering
departnment were continually available
for reference. This conbination was
considered by that shipyard to be very
cost effective, and has continued to be
used in their subsequent shipbuilding
progr ans.

It is also of significance
that one Planning Yard has taken the
trouble to visit this shipbuilder and
review the content of the draw ngs
being produced, and has concluded that
the drawings as being generated will
satisfy their needs, with the exception
of certain of the matters being ad-
dressed in this report.

‘Ot her shipbuilders are pursu-
ing different courses. It may be coin-
cidental, but the shipyards which are
devel oping the nobst detailed levels of
drawings are the ones with the greatest
computer drafting capabilities. It is
possible that sonme drawi ng practices
are being driven nore by a desire to
meke mexi num use of the conputer draft-
ing capabilities that exist than by the
results of a denmonstrated cost-benefit
anal ysis. The results from these
buil ding programs, when completed, wll
be of great interest to the industry.

Readabi lity. Many  of t he
nmodul ar-orient ed assenbly draw ngs

which have been developed to date are
SI GNI FI CANTLY ~ har der to read than
Si n%lle system drawings, Wwhich can be
difficult enough to follow, anyway.
A though experience with the termnol -
0 and content of nmodular draw ngs
makes their use less difficult, and ob-
viously the shipyards thenselves are
using them successfully, an inprovenent
in readability is a nost desirable
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goal . Systems which traverse Large
areas of a drawing need to be |den-
tified frequently enough that a user
does not have to searc all  over a
sheet to find what the lines represent.
Scal es nust be large enough that all of
the identifiers and dinmensions on the
sheet can be read w thout confusion.
Common sense will ultinmately prevail
but earl attention to this need wll
be hel pful to all concerned.

Fabrication Draw ngs

These draw ngs have been determni ned
by Planning Yard personnel to be ex-
tYemer useful  for their efforts to
provide information to Installing Ac-
tivities for replacing existing sys-
t ens. Fabrication details in the past
of ten were left for the shop planners
to develop, but are now a recognized
part of the Design Engineering effort.
As such, they are iIncluded In the
Desi gn Drawi ng Schedul e and included as
deliverables to the governnent at the
end of the contract.

Wile not exactly a life-cycle
i ssue, it is notable t hat these
fabrication details, bei n% del i ver abl es
to the governnent, can be made avail -
able by the government to the shiPyards

whi ch produce follow ships o the
class, and in the author’s opinion
shoul d be. \Whether they should be nade

avai l abl e during the bidding process is.
arguable, but seenmingly it would be In
the governnent’s est interest to
rovide these drawings as part of the
ollow ship contract award, at |[east,
so that the follow shipbuilder would
not have to expend the effort to repli-
cate them unless he chose to do so be-
cause he had a nore cost effective
fabrication technique available. Un-
fortunately, the specter of dains

agai nst the governnent, when docunents
provided by themare found to have any
problenms, i1s an overriding deterrent
from doing_some otherwise intelligent
t hi ngs. There are a nunmber of fairly
obvious  way5 of over com ng this
problem but it will require a greater
desire to do so on both sides of the
contracting table.
General

User Capabilities. Anot her i npor -

tant consideration in the evaluation of
drawing format has to do with the cus-
tomers’ ability to use the data as
devel oped. Wth many drawings being
devel oped on conputer drafting systens,
it is frequently assuned that the ship-
builders will only have to turn over
the data bases to the customer and the
custoner will be able to generate draw
ings in any format and with any content
that the customer desires. It must be
recogni zed that although many Pl anning
Yards and other USN activities have ex-



cellent conputer facilities, it is a
fact that nost |ag well behind the
private shi Pyards in the number of ter-
mnal s available to design personnel.

Further, despite some excel-
lent continuing efforts, the com
monal ity of the systems which are cur-
rently available in various shipyards
is by no neans adequate, nor is there
adequate ability to transfer and use
data generated in different systens.
Until a nunber of serious problens are
solved, it will be absolutely necessarz
for the custoner to require delivery o
hard copies and reproduci bl e masters of
drawi ngs that are. in the format and
that have the content identified herein
as being nost useful.

Drawi ng Mai nt enance. Di scussi ons
wi th Navy personnel, aboard ship and at
the Planning Yard, have identified that
the ships drawings are not being ade-
quately mmintained in an up-to-date
stat us.

Drawi ngs and other docunents
which are identified as Selected
Records Data are supposed to nmaintained
current at all tines. Specifically,
within 90 days after any availability,

all SRDis to be updated to reflect all
changes made to the ship’'s systens’
confrguration since the last update,

i.e., toinclude all authorized and un-
aut hori zed changes whi ch have been made

since the last update.

. ~ The first problemis that
this policy is very poorly executed.
Most ships are operating with nost of
their SRD at |least one year out of
date, with the documents to be changed
sitting in sone design office awaiting
additional funds to conplete the ef-
fort.

~ The second problem is that,
except in submarines, most system
diagrams are not included as “SRD.

Those portions of diagrans and other
docunments which appear as enclosures in
Technical Manual s or Operating Manuals
will be updated, since those documents
are included as SRD, but the actual
drawings will not.

The situation is exacerbated
by the fact that there is no require-
ment for the Planning Yard to update
the Assenbly drawi ngs, which are the
only drawings which provide a true,
di mensi onal i zed description of the
ship' s configuration. The drawi ngs
produced by the Planning Yard provide
the installing activity with just the
information needed to rip out any por-
tions of existing systems that are to
be replaced and to install the replace-

ment parts. Fabrication data may be
left tor the installing activity to
devel op. Thus, after nore than one
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change to any existing system there
may be threée or nore draw ngs which
have to be reviewed together in order

to obtain an accurate description of
the current configuration of the sys-
tem

It is hardly surprising, under
the circumstances, that the ships force
personnel don't feel that the%/ have
much need of drawings of the ship or
its systems (or for those who are
responsible for providing this service
to them. The ship as it exists is the
only description of its configuration

t hat the% feel they need. I ndeed, it
is probably the only correct descrip-
tion that ‘exists.

If there is any need for any

of the drawi ngs devel oped by the ship-

builder to be maintained in a current
state of accuracy, (and there nost cer-
tainly is), theJ)riority shoul d be
given to system diagrans, space ar-
rangement drawi ngs and then assenbly
draw ngs.  \When conputer conposites ex-
ist and can be updated, then their

Briority woul d cone after diagranms and
efore space arrangenents, and their
updating would elimnate the need to
update assenbly drawi ngs.

. Format Issues. ~ One significant
item concerning drawing format emerged

during discussions with Puget Sound
Naval ~ Shipyard personnel. The intro-
duction of conmputers into the design
process has led to the typing of many
portions of sone drawings, such as
General Notes or Material List informa-
tion, at a terninal. The probl em oc-
curs when these sheets are printed out
on paper of a different size than the
rest of the drawing. This is not

unique to draw ngs prepared for nodul ar
construction, because this problem al-
ready exists. The probl em comes when
someone attenpts to obtain a copy of
the draw ng. If part of a drawing is
prepared on large sheets, which are
rolled up for storage, say in the Tech-
nical Library, and other part5 are
prepared in booklet formusing 8 |/2 x
21 paper, the Technical Library will
very likely end up stowing the bookl et
por¥|on in a location separate fromthe
rolled storage. Then, en soneone or-
ders the drawing, the%/ maK not get all
of it. The solution that has been used
by one shipyard is to develop the
material information as a separate
"drawing", with a unique title and
drawing  nunber. The essential el enent
of any solution is that all. sheets of
any drawi ng be of identical size.

CONCLUSI ONS

The conclusions of this
based on the evaluations descri
the preceding chapters, are as fo

dy,
In

stu
bed
|| ows:



The Space Arrangement drawi ngs and
System Di agrans are needed by al ac-
tivities involved with ship naintenance
pl anning and configuration control.

The inportance of System Diagrans
needs to be enphasized. Updated ver-
sions of these documents nust be avail -
able to the ship's force and to all in-
volved nmintenance activities at all
tines. The format of these draw ngs
reeds to relate directly to both the
final ship conpartmentation and the
construction unit breakdown. The draw
ing content nust include a matrix table
or other technique for wuniquely iden-
tifying the assenbly and abrication
drawings which provide the details of
how each part of the system is nade
and/or installed.

ConFosite drawi ngs are needed on|
b)(] the Planning Yard,  and then only i
they are in the form of conputer data,
suitable for use in producing copies of
drawi ngs by the Navy personnel.

The primary user of Arrangenent
and Fabrication drawings is the Pl an-
ning Yard, but the ship’s force also
need to have copies available for
potential use in energency situations.
Supervisors of Shipbuilding also wll
need these drawings for ships whose
overhaul s they are supervising.

There is no need for the Navy to
receive detailed arrangement draw ngs
of individual piping, structural or
electrical systens, as long as they
receive arrangenent draw ngs which show
the arrangement of all of each type of
system in a reasonably large area of
the ship. The rmodul ar type of draw ng
will actually neet their life-cycle
management needs better than the in-
divi dual system draw ngs.

The page size of all sheets of
each uniquely nunbered draw ng must be
the sane.
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